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formed in an upstream image forming station and transferred
onto the intermediate transfer belt and a patch formed on the
surface of the photosensitive drum pass through the primary
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is applied to the primary transfer portion. A control section
controls a laser beam scanner as an exposure member not to
expose the surface of the photosensitive drum to which the
passing bias is applied.

10 Claims, 7 Drawing Sheets




US 9,348,270 B2

Page 2
(56) References Cited Jp 2002-156846 A 5/2002
Jp 2003-202711 A 7/2003
Jp 2005-017396 A 1/2005
FOREIGN PATENT DOCUMENTS Jp 2010-145585 A 7/2010
Jp 2001-166614 A 6/2001
Jp 2001-188401 A 7/2001 * cited by examiner



U.S. Patent May 24, 2016 Sheet 1 of 7 US 9,348,270 B2

FIG. 1
Py Pm Pc Pk
S
3y 3m 3c lgkzk r/
k 'y

3)0 = w = 2m = 2, 1
\ y ml_ c
Aﬁy ) 4m 4¢ 4 7
- Sh
52 1y = /1 1c Sd~

T o

k
K




U.S. Patent May 24, 2016 Sheet 2 of 7

BLACK
PATCH

25 mm

5mm

25 mm

5mm

25 mm

A AP ——— P 4P P

25 mm

5mm

25 mm

25 mm

+— Pt >

FIG. 3
DENSITY 0.4
DENSITY 0.8
DENSITY 1.2

FIG. 4

CYAN MAGENTA YELLOW
PATCH PATCH PATCH

DENSITY 0.4

DENSITY 0.8

DENSITY 1.2

US 9,348,270 B2




U.S. Patent May 24, 2016 Sheet 3 of 7 US 9,348,270 B2

FIG. 5

SIGNAL
(REGULAR REFLECTION)
)

| | | " PATCH
0.4 0.8 12 16 LPATCH

FIG 6 RETRANSFERB&('

ELECTROSTATI RETRANSFER BY
'REPULSION | TONER POLARITY REVERSE
AMOUNT OF 4
TONER
RETRANSFERRED

CONTRAST
) DISCHARGE

PRIMAI—:Y TRANSFER
oﬁ/ S

(S/—\ME POTENTIAL AS POTENTIAL OF STARTING VOLTAGE

NON-EXPOSED PORTION OF DRUM



US 9,348,270 B2

Sheet 4 of 7

May 24, 2016

U.S. Patent

' \
\ \
A \

NIOYYIA
NOILYZ[TI8Y.LS TYAOWIY
L /ONIHOVLLY 437104
e

NOILYZId1SS3dd
d3710d 4

\ | NOLLVZIYNSS3dd
NOILYdYddS 431104 \ N ¢/ 937104 ¥431N0

\ 40 TYAONZL/ONIHOVLLY

\ NIOEYIN
/@.Yz_Io.:>>m Svid

L SYIE AYYNICHO \ SYIGONISSYd | SYIGAUYNIGMO 1L NOILYOd ¥3SNWHL
i AN OL 4317ddY SYig
JOVII AMYNIGHO Y, JOVII HOLYd Y JOVII AHVNIGHO
R m m | i1 |1 | | I4NSOdX3
g gh i gh . XL NNYA
NNSA N | NNYA Ul+N m WNYa U-N - NNEa N ITHLAL LG



U.S. Patent May 24, 2016 Sheet 5 of 7 US 9,348,270 B2

FIG. 8




U.S. Patent May 24, 2016 Sheet 6 of 7 US 9,348,270 B2

FIG. 9

TONER RETRASFER BY
POSITIVE REVERSE

NEGATIVE
CHARGED TONER

DISCHARGE DOWNSTREAM OF
PRIMARY TRANSFER PORTION
—————————————— CEEEO_CEEENN CEEEEEE




U.S. Patent May 24, 2016 Sheet 7 of 7 US 9,348,270 B2

ROLLER
\_ DISCHARGE

+
+
T1 DISCHARGE DOWNSTREAM OF
N, X PRIMARY TRANSFER PORTION
FFFFF3FFFFF+
51 CONVEYING

DIRECTION



US 9,348,270 B2

1
IMAGE FORMING APPARATUS
CONTROLLING LIGHT EXPOSURE BASED
ON APPLIED BIAS

This application is a divisional of U.S. patent application
Ser. No. 13/857,159, filed Apr. 5, 2013, which claims the
benefit of Japanese Patent Application No. 2012-103005,
filed Apr. 27, 2012, which are hereby incorporated by refer-
ence herein in their entireties.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image forming appara-
tus using electrophotography or electrostatic recording, such
as a copying machine, a printer, a facsimile machine, or a
complex machine of these applications, and particularly to a
structure for forming, on an image bearing member, a toner
image used for adjustment.

2. Description of the Related Art

Conventionally, for example, in an electrophotographic
image forming apparatus, an electrostatic image (latent
image) formed on an electrophotographic photoreceptor as an
image bearing member is developed with toner to form a
toner image. After that, the toner image formed on the pho-
toreceptor is eventually transferred and fixed onto a recording
material (recording sheet, OHP sheet, or the like), and output
to the outside of the image forming apparatus. As a system for
transferring the toner image on the photoreceptor to the
recording material, there is an intermediate transfer system in
which the toner image formed on the photoreceptor is once
transferred onto an intermediate transfer member and the
toner image on this intermediate transfer member is trans-
ferred onto the recording material. Further, as the intermedi-
ate transfer system, there is known a tandem structure in
which multiple image forming stations are lined up in the
rotational direction of the intermediate transfer member to
superimpose and transfer each color toner image formed in
each image forming station sequentially onto the intermedi-
ate transfer member.

As described in Japanese Patent Application Laid-Open
No. 2003-202711, there is known a density correction tech-
nique in which a toner image for adjustment (hereinafter
called a patch) is formed on a photoreceptor or an intermedi-
ate transfer member to have a predetermined density, and the
patch density is detected to perform feedback on imaging
conditions according to the degree of the patch density. There
is also known a technique in which relative position of
patches for respective color components is detected to correct
registration errors among respective color components.

In the meantime, as for the detection of the density and
position of a patch (patch detection) as mentioned above, it is
conceivable that, in an image forming apparatus for forming
a multicolor image, all the multiple colors are formed
together on an intermediate transfer member and read on the
intermediate transfer member together. However, the inter-
mediate transfer member varies in surface roughness and
surface color with long-term use, and this may cause a sub-
strate signal of the intermediate transfer member to fluctuate
a lot. For example, the surface roughness is increased by the
adherence of a paper loading material, or the surface is whit-
ened by the adherence of external additives for toner. When
the substrate signal of the intermediate transfer member is
unstable, since the toner density is calculated as a contrast
with the substrate upon patch detection, the accuracy of
detection is reduced in the case of a color having low contrast
with the substrate (e.g., black).
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On the other hand, it is also considered that the patch
detection is made on a photoreceptor, which does not come
into direct contact with a recording material. In this case,
since there is no substance transferred from the recording
material, the surface durability fluctuation is small compared
with that of the intermediate transfer member. This is pre-
ferred in terms of the stability of the substrate signal. There-
fore, it can be considered that the detection of a black patch
that is especially low in brightness and easily influenced by
substrate fluctuations is made on the photoreceptor and the
detection of patches for bright color components such as
magenta, cyan, and yellow are made on the intermediate
transfer member.

When such a structure is applied to a tandem image form-
ing apparatus, it is preferred to place a black image forming
station in the most downstream position in order to shorten
FCOT (First Copy Out Time) upon formation of an image in
a plain color of black.

However, in such a structure, when other color patches
formed in the upstream stations pass through a primary trans-
fer portion for transferring a toner image from a black pho-
toreceptor in the downstream station onto an intermediate
transfer member, the other color patches can be retransferred
onto the photoreceptor. When retransfer occurs, the accuracy
of detection of the other color patches on the intermediate
transfer member may be reduced.

For example, as illustrated in FIG. 9, when an ordinary
transfer bias is applied upon transfer of a toner image from a
photosensitive drum 1 as the photoreceptor onto an interme-
diate transfer belt 51 as the intermediate transfer memberin a
primary transfer portion T1, a discharge phenomenon occurs
downstream of the primary transfer portion T1. Here, if the
toner charge polarity is negative, since negatively charged
toner is electrostatically transferred onto the intermediate
transfer belt 51, a positive charge is injected from a primary
transfer roller 6 as a primary transfer member into the inter-
mediate transfer belt 51. Then, the intermediate transfer belt
51 is charged with positive polarity to transfer the negatively
charged toner onto the intermediate transfer belt 51. At this
time, since a large potential difference occurs in a gap
between the photosensitive drum 1 downstream of the pri-
mary transfer portion T1 and the intermediate transfer belt 51,
a discharge phenomenon occurs in the gap downstream of the
primary transfer portion T1 after toner transfer.

When such a discharge phenomenon occurs, since charge
transfer occurs to reduce the potential difference between the
intermediate transfer belt 51 and the photosensitive drum 1,
the positive charge moves from the intermediate transfer belt
51 toward the photosensitive drum 1. In this case, since the
positive charge is shot into toner held on the intermediate
transfer belt 51, the toner may be reversed to the positive
polarity. This causes the toner positively reversed to move in
the direction of the photosensitive drum 1. The above is a
retransfer generation mechanism. Thus, when the primary
transfer bias is positive polarity as polarity opposite to the
toner charge polarity, the bias can be set low in the positive
direction to reduce the retransfer of toner.

On the other hand, it can be considered that the bias to be
applied is of negative polarity that is the same polarity as the
polarity of toner to pass the toner image on the photosensitive
drum 1 through the primary transfer portion T1 without being
transferred onto the intermediate transfer belt 51. Even in this
case, however, the retransfer of toner can occur as follows.
Namely, when a negative charge is supplied from the primary
transfer roller 6 to the intermediate transfer belt 51, it elec-
trostatically repulses the negatively charged toner supplied to
the primary transfer portion T1. The toner acts to flick the
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toner electrostatically from the intermediate transfer belt 51
toward the photosensitive drum 1. Therefore, when the pri-
mary transfer bias is of negative polarity that is the same
polarity as the toner charge polarity, the bias can be set low in
the negative direction to reduce the retransfer of toner.

Thus, in order to prevent a patch on the intermediate trans-
fer member from being retransferred at a downstream station,
abias to be applied to the primary transfer portion needs to be
changed from the ordinary transfer bias. However, if the bias
is switched from the ordinary transfer bias to a bias for pre-
venting retransfer, the state of the surface potential of the
image bearing member downstream of the primary transfer
portion is changed. Then, when image formation is per-
formed by using a portion where the state of the surface
potential is changed, an image to be formed may be affected.

This point will be described below. As mentioned above,
when an electric discharge occurs downstream of the primary
transfer portion, the behavior of the positive charge to shoot
into toner is seen, and the behavior of the positive charge to
shoot into the surface of the image bearing member after
passing through the primary transfer portion also occurs con-
currently. In other words, as illustrated in FIG. 10, when an
electric discharge occurs downstream of the primary transfer
portion T1, the positive charge is absorbed to the surface of
the photosensitive drum 1. Downstream, a charged bias of
negative polarity is applied to a charging roller 2 as a charging
member to absorb the negative charge from the charging
roller 2 to the photosensitive drum 1 in order to charge the
surface of the photosensitive drum 1 to a predetermined
potential. Then, image formation is performed in the follow-
ing processes: The surface of the photosensitive drum 1
charged to the predetermined potential (the potential of a
non-exposed portion) is exposed by an exposure member, not
illustrated, to form an electrostatic latent image, and the elec-
trostatic latent image is developed with toner by a developing
member, not illustrated.

Here, the photosensitive drum 1 has such characteristics
that, when an inner photosensitive layer is exposed, a carrier
is generated and the positive charge drifts up to near the drum
surface layer, so that an exposed portion becomes at a poten-
tial more positive than the non-exposed portion, thereby
forming the electrostatic latent image. However, the moving
direction of'the carrier is restricted by a carrier transport layer
formed more on the surface layer side than a carrier genera-
tion layer, making it difficult to attenuate the carrier on a base
layer side because the carrier passes through the carrier trans-
port layer.

Thus, it is difficult to attenuate the positive charge shot into
the surface of the photosensitive drum 1 due to an electric
discharge occurring downstream of the primary transfer por-
tion T1. Therefore, a negative charge is supplied by the charg-
ing roller 2 to cancel out the positive charge while charging
the photosensitive drum 1 uniformly to prepare the surface of
the photosensitive drum 1 for subsequent image formation.

However, when the bias to be applied to the primary trans-
fer portion is switched from the ordinary transfer bias to
prevent the retransfer of patches as mentioned above, a
change is made in the amount of positive charge shot into the
surface of the photosensitive drum 1 due to the electric dis-
charge downstream of the primary transfer portion T1. There-
fore, even if the surface of the photosensitive drum 1 to which
the switched bias is applied is charged by the charging roller
2, the state of the surface potential of the photosensitive drum
1 will vary compared with a case where the ordinary transfer
bias is applied. Then, when the surface of the photosensitive
drum 1, the surface potential of which has varied, is used to
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perform the image formation processes such as exposure and
development, an image to be formed will be displaced from a
desired state.

SUMMARY OF THE INVENTION

The present invention has been made in view of such cir-
cumstances to implement a structure capable of reducing the
influence on image formation even when a bias to be applied
to a primary transfer portion is switched to prevent the
retranster of an adjusting toner image.

The present invention provides an image forming appara-
tus including: a rotating image bearing member and an inter-
mediate transfer member; a charging member for charging a
surface of the image bearing member; an exposure member
for exposing the charged image bearing member to form an
electrostatic latent image; a developing member for develop-
ing, with toner, the electrostatic latent image formed on the
surface of the image bearing member; an adjusting toner
detection means for detecting an adjusting toner image
formed on the surface of the image bearing member; a pri-
mary transfer portion in which the toner image formed on the
surface of the image bearing member is transferred onto the
intermediate transfer member; a bias application member for
applying, to the primary transfer portion, a transfer bias when
the toner image formed on the surface of the image bearing
member is transferred onto the intermediate transfer member,
and a passing bias different from the transfer bias when the
adjusting toner image formed on the surface of the image
bearing member passes through the primary transfer portion,
respectively; and a control member for controlling the expo-
sure member not to expose the surface of the image bearing
member to which the passing bias is applied.

According to the present invention, since the surface of the
image bearing member to which the passing bias is applied is
not exposed, the influence on image formation can be reduced
even when the bias to be applied to the primary transfer
portion is switched to prevent the retransfer of the adjusting
toner image.

Further features of the present invention will become
apparent from the following description of an exemplary
embodiment with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of the structure of an image
forming apparatus according to an exemplary embodiment of
the present invention.

FIG. 2 is a schematic diagram of the structure of a patch
Sensor.

FIG. 3 is a diagram illustrating black patches formed on a
photosensitive drum.

FIG. 4 is a diagram illustrating yellow, magenta, and cyan
patches formed on an intermediate transfer belt.

FIG. 5 is a chart illustrating the relationship between a
patch density and a patch sensor signal.

FIG. 6 is a chart illustrating the relationship between a
primary transfer contrast and the amount of retransferred
toner.

FIG. 7 is a time chart illustrating the state of a transition
between an ordinary imaging sequence and a patch formation
sequence in the embodiment.

FIG. 8 is a schematic diagram illustrating a structure
around a black photosensitive drum with a part thereof omit-
ted.

FIG. 9 is a schematic diagram near a primary transfer
portion to describe a retransfer mechanism.
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FIG. 10 is a schematic diagram illustrating the states of
charges on the surface of the photosensitive drum from the
primary transfer portion to a charging roller.

DESCRIPTION OF THE EMBODIMENT

An exemplary embodiment of the present invention will
now be described in detail with reference to FIG. 1 to FIG. 8.
First, a schematic structure of an image forming apparatus of
the embodiment will be described with reference to FIG. 1.

[Image Forming Apparatus]

An image forming apparatus 100 of the embodiment is a
laser beam printer capable of forming a full-color image on a
recording material (a recording sheet, an OHP sheet, cloth, or
the like) using electrophotography. Such an image forming
apparatus 100 has image forming stations Py, Pm, Pc, and Pk
for forming yellow, magenta, cyan, and black images, respec-
tively, as image formation means for forming toner images.
These image forming stations Py, Pm, Pc, and Pk are lined up
in the rotational direction of an intermediate transfer belt 51
as an intermediate transfer member. Thus, the image forming
apparatus 100 of the embodiment is a tandem intermediate-
transfer type image forming apparatus. In the embodiment,
the yellow, magenta, and cyan image forming stations Py, Pm,
and Pc correspond to a first image forming station, and the
black image forming station Pk corresponds to a second
image forming station, respectively.

Note that the basic structures of respective image forming
stations are almost the same as one another except for the
diameter of the photosensitive drum, toner color used, and the
structure for patch detection. Therefore, unless any particular
distinction is required, the following will omit the subscripts
y, m, ¢, and k attached to the reference symbol to express for
which color the element is provided in order to describe the
embodiment as a whole.

A cylindrical photoreceptor, i.e., a photosensitive drum 1,
is provided as an image bearing member in an image forming
station P. Around the photosensitive drum 1, a charging roller
2 as a charging member and a laser beam scanner 3 as an
exposure member are arranged. Also arranged around the
photosensitive drum 1 are a developing unit 4 as a developing
member and a cleaning unit 7 as a cleaning means.

The intermediate transfer belt 51 is wound among a drive
roller 92, a secondary transfer inner roller (inner roller) 71, a
follower roller 93, and two idler rollers 912, 913 as multiple
supporting members. When a drive force is transmitted to the
drive roller 92, the intermediate transfer belt 51 orbits (ro-
tates) in a rotational direction R2 indicated by the arrow.
Then, a primary transfer roller (electrode member) 6 as a
primary transfer member is arranged on the inner peripheral
side of the intermediate transfer belt 51 in a position to face
the photosensitive drum 1y-1% in each image forming station
Py-Pk. Each primary transfer roller 6y-6k presses the inter-
mediate transfer belt 51 toward the photosensitive drum 1y-1%
to form a primary transfer portion (primary transfer nip)
T1y-T1kat which the intermediate transfer belt 51 comes into
contact with the photosensitive drum 1y-1%, respectively.

Further, a secondary transfer outer roller (outer roller) 72 as
a contact member is arranged in a position to face the inner
roller 71 through the intermediate transfer belt 51. The inter-
mediate transfer belt 51 is pinched and held between the inner
roller 71 and the outer roller 72 that constitute secondary
transfer means, where the inner roller (electrode member) 71
contacts the inner periphery of the intermediate transfer belt
51, and the outer roller contacts the outer periphery of the
intermediate transfer belt 51. Thus, a secondary transfer por-
tion T2 is formed.
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The outer roller 72 is placed to be able to contact with and
separate from the intermediate transfer belt 51. Therefore, the
outer roller 72 has a contact/separation device 80 as a contact
separation member. The contact/separation device 80 has a
cam 81 that abuts against a frame 721 supporting the outer
roller 72 to pivot the frame 721 about a pivot shaft 722, and a
motor 82 for driving the cam 81 to rotate. The frame 721 is
pivoted by the rotation of the cam 81, and this brings the outer
roller 72 into contact with or separates the outer roller 72 from
the intermediate transfer belt 51. The motor 82 is controlled
by a control section 200 serving also as a contact/separation
control member. As this contact/separation control member,
for example, any other structure such as a solenoid can also be
used.

The photosensitive drum 1 is driven to rotate at a predeter-
mined circumferential velocity (process speed) in a direction
(counterclockwise direction) indicated by the arrow R1. The
surface of the photosensitive drum 1 is charged to a predeter-
mined polarity and potential by the charging roller 2 as a
contact charging member (primary charging).

Thelaser beam scanner 3 outputs an on/off modulated laser
beam according to image information input from external
equipment such as an image scanner or a computer. Then, the
laser beam scanner 3 uses this laser beam to scan and expose
the charged surface on the photosensitive drum 1. The scan
exposure by the laser beam scanner 3 leads to the formation of
an electrostatic latent image on the photosensitive drum 1
according to target image information. This laser beam scan-
ner 3 is controlled by the control section 200 as the control
member.

The electrostatic latent image formed on the photosensitive
drum 1 is developed as a toner image by the developing unit
4. In the embodiment, the developing unit 4 contains a two-
component developer including non-magnetic resin toner
particles (toner) and magnetic carrier particles (carrier) as the
developer. The developing unit 4 has a developing sleeve as a
developer carrying body arranged to face the photosensitive
drum 1. Then, toner is supplied from the developer carried on
this developing sleeve to the photosensitive drum 1 to develop
the electrostatic latent image on the photosensitive drum 1.

The toner image formed on the surface of the photosensi-
tive drum 1 is transferred onto the intermediate transfer belt
51 by the application of a primary transfer bias to each of the
primary transfer portions T1y, T1m, Tlc, and T1k, respec-
tively. In the embodiment, toner images are electrostatically
transferred onto the intermediate transfer belt 51 by means of
the primary transfer rollers 6y, 6m, 6¢, and 6% (primary trans-
fer), respectively. At this time, a proper primary transfer bias
is output from power sources 61y, 61m, 61c, and 61% as bias
application members and applied to the primary transfer roll-
ers 6y, 6m, 6c, and 6k as the primary transfer members,
respectively. The power sources 61y to 61% are controlled by
the control section 200 serving also as the control member to
be able to arbitrarily switch the bias to be applied to the
primary transfer rollers 6y, 6m, 6¢, and 6k. As an example,
+900V is used as the primary transfer bias.

Primary transfer residual toner remaining on the photosen-
sitive drum 1 after the primary transfer process is scraped and
collected by the cleaning unit 7. Thus, the surface of the
photosensitive drum 1 is cleaned and repeatedly used for
image formation.

For example, the above-described operations are sequen-
tially carried out in the first to fourth image forming stations
Py-Pk at the time of full-color image formation. The toner
image of each color is superimposed and transferred onto the
intermediate transfer belt 51 in each primary transfer portion
T1y-Tlk
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On the other hand, a recording material is conveyed from a
recording material supply portion, not illustrated, to the sec-
ondary transfer portion T2 in sync with the toner image on the
intermediate transfer belt 51. The recording material is sup-
plied to the secondary transfer portion T2 in tune with the
toner image on the intermediate transfer belt 51.

The toner image on the intermediate transfer belt 51 is
electrostatically transferred onto the recording material by an
electric field between the inner roller 71 and the outer roller
72 in the secondary transfer portion T2. Here, a secondary
transfer bias can be applied to either the inner roller or the
outer roller 72 to form an electric field between these rollers.
As an example, 2.3 kV is used as the secondary transfer bias.

After that, the recording material onto which the toner
image is transferred in the secondary transfer portion T2
passes through a conveying path, not illustrated, and is con-
veyed and introduced into a fixing device, not illustrated.
Then, the recording material is pressurized and heated in the
fixing device so that the toner image will be fixed on the
recording material. Secondary transfer residual toner remain-
ing on the intermediate transfer belt 51 after the secondary
transfer process is scraped and collected by a cleaning blade
52. Thus, the surface of the intermediate transfer belt 51 is
cleaned and repeatedly used for image formation.

In the embodiment, as the intermediate transfer belt 51, a
semi-conductive polyimid resin with a relative permittivity €
of 3 to 5, a volume resistivity pv of 10° to 10*' Q:m, and a
thickness of 85 um is used.

As each of the primary transfer rollers 6y, 6m, 6¢, and 6%,
a semi-conductive roller with a resistance value of 10* to 10®
Q2 at the time of application of 2000 V can be used. In the
embodiment, as the primary transfer roller 6, an ion-conduc-
tive sponge roller with an outer diameter ¢ of 18 mm and a
cored bar diameter ¢ of 8 mm, which is formed of a mixture
of nitrile rubber and an ethylene-epichlorohydrin copolymer,
is used. The resistance value of the primary transfer roller 6y,
6m, 6¢, 6k is about 10° to 10® Q (applied voltage: 2 kV) ata
temperature of 23° C. and a humidity of 50%.

As the inner roller 71, a semi-conductive roller with an
outer diameter ¢ of 20 mm and a cored bar diameter ¢ of 16
mm, in which conductive carbon is dispersed in EPDM rub-
ber, is used. The resistance value of this inner roller 71 is
about 10" to 10° Q (applied voltage: 10 V) at a temperature of
23° C. and a humidity of 50% by the same measurement
method as the above-mentioned method.

Astheouter roller 72, an ion-conductive sponge roller with
an outer diameter ¢ of 24 mm and a cored bar diameter ¢ of 12
mm, which is formed of a mixture of nitrile rubber and an
ethylene-epichlorohydrin copolymer, is used. The resistance
value of this outer roller 72 is about 10° to 10® Q (applied
voltage: 2 kV) at a temperature of 23° C. and a humidity of
50% by the same measurement method as the above-men-
tioned method.

Further, in the embodiment, an on-drum patch sensor Sd is
placed to face the photosensitive drum 1% in the black image
forming station Pk, and an on-belt patch sensor Sb is placed to
face the intermediate transfer belt 51, respectively. In other
words, the on-belt patch sensor Sb as first adjusting toner
detection means is arranged downstream of each of the image
forming stations Py to Pk as the first image forming station
and the second image forming station in the rotational direc-
tion of the intermediate transfer belt 51. Then, the on-belt
patch sensor Sb detects patches as an adjusting toner image
formed on the surface of the intermediate transfer belt 51. The
on-drum patch sensor Sd as second adjusting toner detection
means detects patches as an adjusting toner image formed on
the surface of the photosensitive drum 14.
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In the embodiment, the polyimid resin is used as the inter-
mediate transfer belt 51 as mentioned above. However, it is
proved that, when a wide variety of recording materials are
used, the surface properties of the belt vary. Since fillers such
as talc are transferred and attached from the recording mate-
rial to the belt, the gloss level of the belt may be reduced
though there is no change in the surface roughness of the belt.
Further, when the intermediate transfer belt 51 is used for a
long period in such a state that paper powder is transferred
from recording materials and attached thereto, this ends up
using the intermediate transfer belt 51 for a long period in
such a state that the paper powder is stuck in a nip portion
between the cleaning blade 52 and the intermediate transfer
belt 51. As a result, if an excess amount of paper powder is
supplied, circumferential scratches may occur in the rota-
tional direction of the belt to increase the surface roughness of
the belt.

The reduction in the gloss level of the belt or the increase in
the surface roughness of the belt may widen the fluctuation
range of a sensor for optically detecting the surface of the belt.

Inthe embodiment, the on-belt patch sensor Sb has a struc-
ture as illustrated in FIG. 2. In other words, the amount of
incident light irradiated from an LED light source 101 is so
detected that, among light components reflected by a patch P
on the surface of the intermediate transfer belt 51, the amount
of reflection of a specular component is detected by a photo-
sensor 102, and the amount of reflection of a diffuse compo-
nent is detected by a photosensor 103, respectively. The on-
belt patch sensor Sb detects the patches of three-color
components, yellow, magenta, and cyan. Particularly, when
the patch density is detected, a toner density is calculated
from a difference between the amount of reflection of a com-
ponent on the belt surface and the amount of reflection of a
component on the patch portion.

As the LED light source 101 of the on-belt patch sensor Sb,
an LED (Light Emitting Diode) with a wavelength of 940 nm
is used. Since the patch densities of yellow, magenta, and
cyan are detected in a visible range, it is preferred that the
light source be in a wavelength band where all the above color
components are not absorbed.

The structure of the on-drum patch sensor Sd is the same as
that of the on-belt patch sensor Sb. However, since the on-
drum patch sensor Sd detects the patch of a black color
component, the toner density is detected from the diffuse
component. As the LED light source of the on-drum patch
sensor Sd, an LED with a wavelength of 880 nm is used. Since
exposure is performed on the photosensitive drum 1%, though
only at the time of reading the patch, it is preferred that the
on-drum patch sensor Sd be in such a wavelength band that
the drum has a low sensitivity when exposure is performed on
the photosensitive drum 1, i.e., a near-infrared wavelength
band.

The on-drum patch sensor Sd is arranged near the photo-
sensitive drum 1% between downstream of the photosensitive
drum 1% to face the developing sleeve in the rotational direc-
tion and upstream of the primary transfer portion T1%. Thus,
the detection can be made in the primary transfer portion T1%
without disturbing the patches.

In the embodiment, the patches of the three-color compo-
nents of yellow, magenta, and cyan are read by the on-belt
patch sensor Sb. Thus, since the patches of the three-color
components are detected on the intermediate transfer belt 51
all at one time, the apparatus main body can be downsized. On
the other hand, since the patches ofthe black color component
are read by the on-drum patch sensor Sd, the patches can be
detected stably for a long period. This can lead to the stabili-
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zation of the toner densities and registration errors for a long
period while downsizing the apparatus.

[Operation of Contact/Separation Device in Patch Forma-
tion Sequence]

Next, the operation of the contact/separation device 80 in a
patch formation sequence will be described. Upon transition
from normal imaging to the patch formation sequence, the
bias to be applied to the primary transfer portion is switched
to perform exposure on an electrostatic latent image corre-
sponding to the patch image. Further, when the patches of the
color components of yellow, magenta, and cyan formed on
the intermediate transtfer belt 51 are supplied to the secondary
transfer portion T2, the contact/separation device 80 also
releases the pressure on the outer roller 72 to separate the
outer roller 72 from the intermediate transfer belt 51. Thus,
the contact/separation device 80 avoids contaminating the
outer roller 72 with the patches.

Here, as a time period from when the pressure on the outer
roller 72 is released until the outer roller 72 is separated from
the intermediate transfer belt 51, there is a need to allow for
170 msec. This period also allows for the time to cease the
vibration of the intermediate transfer belt 51 when the pres-
sure is released. Thus, the separation itself is achieved in a
shorter time than 170 msec.

Further, exposure to electrostatic latent image data corre-
sponding to the black color component is started when 170
msec has elapsed after completion of exposure to a final
image before transition from ordinary imaging to the patch
formation sequence. At this time, even after completion of
exposure to the final image, the rotary drive of the charging
roller, the developing sleeve, and the like in the black station
and the application of high pressure continue. On the other
hand, the outer roller 72 starts releasing the pressure and the
separation operation in 30 msec from the timing of comple-
tion of secondary transfer of the final image after being sub-
jected to ordinary imaging on a recording material, not illus-
trated. Since a margin of 30 msec is left, the recording
material can be delivered from the secondary transfer portion
T2 to the fixing device, not illustrated, without fail to form the
final image thereon.

On the other hand, the patches are conveyed to the second-
ary transfer portion T2 in such a state that the patches are
attached onto the intermediate transfer belt 51 in 170 msec
from the timing of completion of the formation of the final
image. At this moment, the outer roller 72 is separated from
the intermediate transfer belt 51. In other words, the patches
are conveyed to the secondary transfer portion T2 in a state of
waiting until the vibration of the intermediate transfer belt 51
ceases after the outer roller 72 is separated from the interme-
diate transfer belt 51. This can avoid contaminating the outer
roller 72 with the patches.

Thus, in the embodiment, the control section 200 controls
the contact/separation device 80 to separate the outer roller 72
from the intermediate transfer belt 51 at timing where the
patches transferred onto the intermediate transfer belt 51
reach the secondary transfer portion T2. This can avoid con-
taminating the outer roller 72 with the patches.

[Black Patch]

The structure of black patches formed on the photosensi-
tive drum 1% in the black image forming station Pk is as
illustrated in FIG. 3. In the embodiment, patches with density
levels 0f 0.4, 0.8, and 1.2 are formed in series in the rotational
direction of the photosensitive drum 1%, respectively, and the
density of a patch with each density level is detected from the
diffuse component of the on-drum patch sensor Sd. In the
embodiment, from a comparison between a signal value
detected for a patch with each density level 0f0.4,0.8,1.2 and
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a signal level corresponding to a predetermined density, the
control section 200 controls the laser beam scanner 3% to
correct the exposure amount in order to perform density cor-
rection. For example, the exposure amount is corrected by
controlling the laser power or the PWM value.

Here, in the embodiment, it is assumed that the length of
each patch in the circumferential direction of the photosensi-
tive drum 1% is 25 mm. Further, a spacing of 5 mm is left
between the respective density levels of patches. Since the
spot diameter of the on-drum patch sensor Sd used in the
embodiment is 5 mm, the respective density levels of patches
need to be spaced at an interval corresponding to the spot
diameter or more so that adjacent density levels of patches
will not read at the same time. It is also desired that plural
points be read in each density-level patch and the read points
be averaged to improve the detection accuracy of the patch
density. To this end, in the embodiment, the patch length is set
to 25 mm as mentioned above to detect the densities at four
points in each patch and average the densities to improve the
accuracy.

Here, in the embodiment, the outer diameter of the photo-
sensitive drum 1% for black is 30 mm. Since a cycle of the
photosensitive drum 1% in the circumferential direction is
about 94 mm, a total length of the above-mentioned three
density levels of toner patches together with spaces between
adjacent patches is 25 mmx3+5 mmx2=85 mm, which can
fall within one cycle of the drum.

[Patches for Yellow, Magenta, and Cyan]|

On the other hand, patches of respective color components
for yellow, magenta, and cyan formed on the intermediate
transfer belt 51 are as illustrated in FIG. 4. When a patch
density is optically detected, the amount of specular reflection
is reduced as the density of a patch is thickened. A relation-
ship between the patch density and a signal of the on-belt
patch sensor Sb (the same applies to the on-drum patch sensor
Sd) is illustrated in FIG. 5. In FIG. 5, the abscissa axis rep-
resents the patch density and the ordinate axis indicates, as a
signal, a difference between the amount of specular reflection
onthe surface of the intermediate transfer belt and the amount
of specular reflection upon patch detection. From FIG. 5, a
saturation behavior in which the signal does not linearly
increase even when the patch density level is increased is seen
in ahigh-density region that exceeds a region of a certain level
of density. The reason for this is considered as follows.
Namely, toner particles are layered on the drum or the belt
according to an electrostatic latent image to form toner
images. To increase the density, more toner is layered, and
two or more layers are superimposed. In this case, no large
fluctuation appears in terms of the amount of reflected light.

On the other hand, even in the case of very low-density
levels of patches, the linearity of the signal with respect to the
patch density is low. The reason for this is considered as
follows. Namely, when toner is layered according to an elec-
trostatic latent image to form very low-density levels of
patches, toner particles are only sparsely placed, and the
amount of reflected light is detected on the order of a few
millimeters as the detection range of the patch sensor. There-
fore, in the case of the on-belt patch sensor Sb, it is affected by
the surface of the belt.

For the above reasons, in the high-density region, in which
the signal value with respect to the patch density is saturated
and the linearity is impaired, and in the very low-density
region, the accuracy of density detection with respect to the
patch density is reduced. Therefore, in the embodiment, three
patch density levels of 0.4, 0.8, and 1.2 are targeted. As
illustrated in FIG. 4, three different density levels of patches
for yellow, magenta, and cyan, located in different positions
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in the width direction of the belt that intersects the rotational
direction, are detected all at one time. The length of and
interval between patches are the same as the case of black
patches. Such patches for yellow, magenta, and cyan are
formed in a position off the black patches in the width direc-
tion of the photosensitive drum 1% and the intermediate trans-
fer belt 51. The timing at which the yellow, magenta, and cyan
patches pass through the primary transfer portion T1% is the
same as the timing at which the black patches pass through the
primary transfer portion T1%. Thus, the yellow, magenta, and
cyan patches pass through a non-exposed portion of the black
photosensitive drum 14.

Further, the on-belt patch sensor Sb is provided with an
unillustrated independent detection section for each color
component of yellow, magenta, and cyan, and this can lead to
simultaneous detection of three-color patches. Since the
respective color components are detected simultaneously, the
downtime of the main body to perform density correction for
four colors including black can be minimized.

In the embodiment, from a comparison between a signal
value detected for a patch with each density level of 0.4, 0.8,
1.2 and a signal level corresponding to a predetermined den-
sity, the control section 200 controls each of the laser beam
scanners 3y, 3m, and 3¢ to correct the exposure amount. Then,
as mentioned above, patch density correction is performed.
For example, the exposure amount is corrected by controlling
the laser power or the PWM value.

In the embodiment, since the patch sensor is not provided
near the drum in each of the stations for yellow, magenta, and
cyan, the structure around the photosensitive drum can be
simplified, achieving reduction in the diameter of the photo-
sensitive drum and downsizing of the main body.

[Switching of Biases to be Applied to Primary Transfer
Portion]

Next, switching of biases to be applied to the primary
transfer portion in the patch formation sequence will be
described. In the embodiment, when patches of three-color
components for yellow, magenta, and cyan pass through the
primary transfer portion T1k in the black image forming
station Pk, the bias to be applied to the primary transfer
portion T1k is switched from ordinary transfer bias. In this
case, although the patches of the black color component also
pass through the primary transfer portion T1% at the same
time, since the black patches are detected by the on-drum
patch sensor Sd, there is no need to transfer the black patches
onto the intermediate transfer belt 51. Then, the influence of
toner retransfer of the patches, formed in the upstream image
forming stations Py, Pm, and Pc, on the density is prevented.
Inthe following, it is assumed that the bias to be applied to the
primary transfer portion T1%in an ordinary imaging sequence
is an ordinary bias (transfer bias), and that the bias to be
applied to the primary transfer portion T1k when the patches
pass through the primary transfer portion T1% to prevent the
retransfer of the patches is a passing bias.

In other words, in the embodiment, the power source 61%
switches the bias to be applied to the primary transfer portion
T1% between the ordinary bias and the passing bias different
from the ordinary bias. The ordinary bias is applied when the
toner image formed on the surface of the photosensitive drum
1% is transferred onto the intermediate transfer belt 51. The
passing bias is applied when the patches formed in the
upstream image forming stations Py, Pm, and Pc and trans-
ferred onto the intermediate transfer belt 51 and the patches
formed on the surface of the photosensitive drum 1% pass
through the primary transfer portion T1%. If only the black
patches are formed, the passing bias will be applied when the
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patches formed on the surface of the photosensitive drum 1%
pass through the primary transfer portion T1%.

In the embodiment, the potential of the non-exposed por-
tion of the photosensitive drum 1% (the potential of a portion
onthe surface of the photosensitive drum 14 that is charged by
the charging roller 2k but not exposed) is set to =700 V both in
the ordinary imaging sequence and upon patch formation. As
a developing bias, a bias obtained by superimposing an AC
component on a DC component is applied for the purpose of
improving development efficiency. In this case, the DC com-
ponent is set to —600 V. Thus, the potential of the DC com-
ponent in the developing unit 4% is set to a potential about 100
V more positive than the potential of the non-exposed portion
of'the photosensitive drum 1% to effectively prevent the adhe-
sion of developer onto the non-exposed portion (fogging).
Further, together with this, an excessively large potential
difference is avoided to enable prevention of the adhesion of
carrier in the non-exposed portion.

Here, as illustrated in FIG. 6, a primary transfer contrast
potential as a potential difference between the bias to be
applied to the primary transfer roller and the potential of the
non-exposed portion of the photosensitive drum does not fall
below zero, and the primary transfer roller does not have an
excessively large potential difference on the positive polarity
side, enabling effective prevention of retransfer. In the
embodiment, as mentioned above, the bias to be applied to the
primary transfer portion T1k in the black image forming
station Pk is +900V in the ordinary imaging sequence, but the
passing bias is switched to —600V identical to the DC com-
ponent of the developing bias.

Since the potential of the non-exposed portion of the pho-
tosensitive drum 141is =700V, the primary transfer contrast is
+1600V upon ordinary imaging, while the passing bias has a
small potential difference of +100 V. This can avoid an elec-
tric discharge in the primary transfer portion T1% to effec-
tively prevent toner retransfer due to the positive reverse of
patches such as yellow patches passing therethrough. On the
other hand, the primary transfer contrast is not on the negative
polarity side, and this can effectively avoid retransfer due to
electrostatic repulsion. Thus, the retransfer of yellow,
magenta, and cyan patches when passing through the black
primary transfer portion T1k can be effectively prevented.
Here, as mentioned above, since there is no need to transfer
the black patches onto the intermediate transfer belt 51 in the
primary transfer portion T1£, the passing bias can be reduced
as mentioned above.

Thus, in the embodiment, when the reverse polarity (posi-
tive polarity) is greater than the same polarity (negative polar-
ity) as the toner charging polarity, the passing bias is set
higher than the potential of the non-exposed portion and
lower than the ordinary bias. In other words, the passing bias
is so set that the primary transfer contrast as a potential
difference from the potential of the non-exposed portion will
be on the positive polarity side and sufficiently smaller than a
primary transfer contrast on the ordinary bias. Specifically, as
mentioned above, the potential of the non-exposed portion is
set to =700 V, the passing bias to be applied to the primary
transfer roller 6% is set to —600 V, and the ordinary bias is set
to +900 V.

[Timing of Switching Bias to be Applied to Primary Trans-
fer Portion]

Inthe embodiment, switching from the bias to be applied to
the primary transfer portion T1% (primary transfer roller 6%) to
the passing bias is started in 150 msec from the timing at
which the final image after being subjected to ordinary imag-
ing passes through the primary transfer portion T1%. Since the
patches are brought to the primary transfer portion T1%£ when
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200 msec has elapsed after the final image passed through, the
bias to be applied to the primary transfer portion T1k is
switched to the passing bias when the patches pass through.
Here, it must make sure that the bias is switched when the
patches pass through. Therefore, in the embodiment, the bias
is switched ahead with 50 msec left as a margin to stabilize
high-voltage output.

[Transition Between Ordinary Imaging and Patch Forma-
tion Sequence]

Referring next to FIG. 7, a switching sequence for a tran-
sition from ordinary imaging to the patch formation sequence
will be described. In the embodiment, as mentioned above,
since the black patches are detected by the on-drum patch
sensor Sd, there is no need to transfer the black patches onto
the intermediate transfer belt 51. Therefore, the passing bias
when the yellow, magenta, and cyan patches pass through the
black primary transfer portion T1% can be made sufficiently
small with respect to the ordinary bias. On the other hand, the
drum surface to which such a passing bias to be sufficiently
small compared with the ordinary bias is applied substantially
differs in the surface potential state from the drum surface to
which the ordinary bias is applied. Ifimaging is performed by
using the drum surface to which the passing bias is applied, an
image to be formed will be displaced from a desired state.

Therefore, in the embodiment, the control section 200 con-
trols the laser beam scanner 3% not to expose the surface of the
photosensitive drum 1% to which the passing bias is applied.
To this end, in the embodiment, exposure is performed to
form the patches in the N-th cycle of the photosensitive drum
1k after ordinary imaging of the final image is performed in
the N-1-th cycle of the photosensitive drum 1% as illustrated
in FIG. 7. Along with this, the bias to be applied to the primary
transfer roller 6% is switched from the ordinary bias to the
passing bias when the patches reach the primary transfer
portion T1k. Further, the outer roller 72 is switched from a
pressurized state to a separated state when the patches reach
the secondary transfer portion T2.

Then, the patches are not formed in the N+1-th cycle of the
photosensitive drum 1k after the patches pass through. Note
that the bias to be applied to the primary transfer roller 6% is
switched from the passing bias to the ordinary bias. In other
words, the power source 614 switches from the passing bias to
the ordinary bias after one cycle of the photosensitive drum 1%
since the bias to be applied to the primary transfer roller 6% is
switched from the ordinary bias to the passing bias. Then, the
control section 200 controls the laser beam scanner 3% to
perform exposure after one cycle of the photosensitive drum
1% since the passing bias is switched from the passing bias to
the ordinary bias.

This enables use of the drum surface applied with the
ordinary bias in ordinary imaging restarting from the N+2-th
cycle of the photosensitive drum 1%. In other words, in the
ordinary imaging restarting from the N+2-th cycle, the pho-
tosensitive drum 1% can be put into a state under conditions
equivalent to the ordinary imaging.

This operation will be specifically described below. In the
embodiment, distance from a position where image informa-
tion is exposed to the primary transfer portion T1% (central nip
portion) on the black photosensitive drum 1% in the rotational
direction of the photosensitive drum 1%41is 38 mm. Further, the
rotating speed of the photosensitive drum 1% is 348 mm/sec.
The timing of switching the bias to be applied to the photo-
sensitive drum 1% from the ordinary bias to the passing bias in
the wake of completion of ordinary image exposure just
before the transition to the patch formation sequence is deter-
mined as follows.

10

15

20

25

30

35

40

45

50

55

60

65

14

The time of the rotation of the photosensitive drum from
the exposure position on the surface of the photosensitive
drum 1% to the primary transfer position T1% is about 109
msec. On the other hand, as mentioned above, the timing of
start of switching the bias to be applied to the primary transfer
roller 6% is in 150 msec after the ordinary image passes
through the primary transfer portion T1%. Therefore, switch-
ing of the bias to be applied to the primary transfer roller 64 is
in 259 msec after the timing of completion of the exposure.

On the other hand, the patches start in 170 msec after
completion of the exposure of the final image. Therefore, the
patches are brought to the primary transfer portion T1% in 20
msec after the bias to be applied to the primary transfer roller
6% is switched, i.e., 6.96 mm in terms of the length in the
conveying direction. Since the length ofthe patches including
the interval between patches is 85 mm as mentioned above, a
total length is 85+6.96=91.96 mm in consideration of a mar-
gin of switching biases. This is shorter than 94 mm as the
length of the outer circumference of the photosensitive drum
1% corresponding to one cycle, falling within one cycle of the
photosensitive drum 1%. Thus, in the embodiment, when the
transfer bias is applied for one cycle or more before the bias is
switched to the passing bias, one cycle of the photosensitive
drum 1% including the margin of switching biases at the time
of switching to the passing bias can be used for patch forma-
tion.

In this case, the entire circumferential surface is exposed to
the ordinary bias at the time of switching to the passing bias.
Therefore, if the exposure timing for patch formation is so set
that the patches can be formed by using the entire circumfer-
ence at the time of switching to the passing bias, the patches
can be formed on the surface exposed to the ordinary bias
with less loss of time. Then, even at the time of patch forma-
tion, the photosensitive drum 1% can be put into the same state
as the photosensitive drum 1% at the time of ordinary imaging.
Thus, it is preferred that patch formation be completed during
one cycle of the photosensitive drum 1% after the bias to be
applied to the primary transfer roller 6% is switched to the
passing bias.

To this end, the following conditions need to be met.
Namely, as illustrated in FIG. 8, the length from an exposed
position X on the surface of the photosensitive drum 14 to a
nip center Y of the primary transfer portion T1% in the rota-
tional direction is denoted by L, the rotating speed of the
photosensitive drum 1% is denoted by V, and the entire cir-
cumferential length of the surface of the photosensitive drum
1kis denoted by D. Further, it is assumed that timing at which
the bias to be applied to the primary transfer roller 6% is
switched from the ordinary bias to the passing bias is set to a
start reference time and the ordinary bias is applied across the
entire circumferential surface of the photosensitive drum 1%
at the start reference time. In this case, the control section 200
controls the laser beam scanner 34 not to perform exposure to
form the patches at a timing of L/V or earlier than the start
reference time and at a timing of (D-L.)/V or later than the start
reference time.

When exposure is performed at the timing of L/V or earlier
than the start reference time, the patches formed by the expo-
sure reach the primary transfer portion T1% before switching
to the passing bias. On the other hand, when exposure is
performed at the timing of (D-L)/V or later than the start
reference time, the exposure is performed on the surface
exposed to the passing bias. If the above-mentioned condi-
tions are met, the bias will be already switched to the passing
bias when the patches pass through the primary transfer por-
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tion T14. Thus, the surface on which exposure is performed
for patch formation becomes the surface exposed to the ordi-
nary bias.

On the other hand, in a transition from the patch formation
sequence to ordinary imaging, the following conditions just
have to be met: First, it is assumed that timing at which the
bias to be applied to the primary transfer roller 6% is switched
from the passing bias to the ordinary bias is set to an end
reference time. In this case, the control section 200 controls
the laser beam scanner 3% to perform exposure on the surface
of the photosensitive drum 1% at a timing of (D-L)/V or later
than the previous end reference time. As a result, the surface
on which exposure is performed to form an ordinary image
becomes the surface exposed to the ordinary bias. If exposure
is performed to form the ordinary image when (D-L)/V has
elapsed from the end reference time, ordinary imaging can be
started without waiting for one cycle of the photosensitive
drum 1k as mentioned above, so that the loss of time can
further be reduced, thereby improving productivity. In prac-
tice, it is preferred that exposure be started at timing where a
predetermined margin is added to the time when (D-L)/V has
elapsed from the end reference time. If exposure can be
started at least before one cycle of the photosensitive drum 1%
after (D-L)/V has elapsed from the end reference time, the
productivity can be improved.

As mentioned above, in the embodiment, the surface of the
photosensitive drum 14to which the passing bias is applied is
not exposed, i.e., not used for image formation. Therefore,
even if the bias to be applied to the primary transfer roller 6%
is switched to prevent the retransfer of the patches, the influ-
ence on image formation can be reduced. In other words, in
the above-mentioned sequences, imaging can be performed
bothinthe sequence of patch formation under the condition of
high primary transfer voltage to be applied to the photosen-
sitive drum 1% and when ordinary imaging is restarted after
returning from the patch formation time.

Thus, in the embodiment, multicolor patches such as yel-
low are detected on the intermediate transfer belt 51 all at one
time, and in the structure for detecting the black patches on
the photosensitive drum 1% concurrently, the retransfer of the
multicolor patches onto the photosensitive drum 1% can be
prevented eftectively. This can improve the detection accu-
racy of the multicolor patches. Further, since imaging at the
time of formation of black patches can be performed under
the conditions equivalent to those in the ordinary imaging
sequence, the detection accuracy of the black patches can also
be improved. This can lead to stable patch detection for a
lengthy period, and hence there can be provided a multicolor
image forming apparatus excellent in density stability and
color-shifting stability.

In the above, the present invention has been described
along the specific embodiment, but the present invention is
not limited to the aforementioned embodiment. For example,
in the aforementioned embodiment, the on-drum patch sensor
Sd is arranged upstream of the primary transfer portion T1%.
However, there is a case where it is difficult to save a space for
the on-drum patch sensor Sd between the developing unit 4%
and the primary transfer portion T1%. In this case, the on-drum
patch sensor Sd can be arranged downstream of the primary
transfer portion T1% and upstream of the cleaning unit 7%.

While the embodiment of the present invention has been
described, the present invention is not intended to be limited
to the aforementioned embodiment, and any modification is
possible within the technical concept of the present invention.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
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embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

What is claimed is:

1. An image forming apparatus comprising:

a rotating intermediate transfer member;

a first image forming unit and a second image forming unit
lined up in the rotational direction of the intermediate
transfer member, wherein the second image forming
unit is arranged downstream of the first image forming
unit in the rotational direction of the intermediate trans-
fer member, and each of'the first image forming unit and
the second image forming unit includes a rotating pho-
tosensitive member, a charging member configured to
charge a surface of the photosensitive member, an expo-
sure member configured to expose the charged photo-
sensitive member to form an electrostatic latent image, a
developing member configured to form, with toner, the
electrostatic latent image formed on the surface of the
photosensitive member, and a transfer member config-
ured to transfer a toner image formed on the surface of
the photosensitive member onto the intermediate trans-
fer member at a transfer portion;

a first detection member arranged downstream of the first
image forming unit and the second image forming unit
in the rotational direction of the intermediate transfer
member to detect an adjusting toner image formed on
the surface of the intermediate transfer member;

a second detection member provided in the second image
forming unit to detect an adjusting toner image formed
on the surface of the photosensitive member in the sec-
ond image forming unit;

a bias application member configured to apply a transfer
bias to the transfer member of the second image forming
unit when the toner image formed on the surface of the
photosensitive member in the second image forming
unit is transferred onto the intermediate transfer mem-
ber, and to apply a passing bias different from the trans-
fer bias to the transfer member of the second image
forming unit when a first adjusting toner image formed
in the first image forming unit and transferred onto the
intermediate transfer member and a second adjusting
toner image formed on the surface of the photosensitive
member in the second image forming unit passes
through the transfer portion of the second image forming
unit; and

a control portion configured to control the exposure mem-
ber in the second image forming unit to expose a region
of the photosensitive member passing through the trans-
fer portion in a condition that the transfer bias is applied.

2. The image forming apparatus according to claim 1,
wherein the control portion controls the exposure member of
the second image forming unit so that the second image
forming unit forms the adjusting toner image.

3. The image forming apparatus according to claim 1,
wherein the control portion controls the exposure member of
the second image forming unit so that the second image
forming unit forms a toner image.

4. The image forming apparatus according to claim 1,
wherein, in the second image forming unit, when a length
from a position exposed by the exposure member on the
surface of the photosensitive member to the transfer portion
in the rotational direction is denoted by L, a rotating speed of
the photosensitive member is denoted by V, and a length of an
entire circumferential surface of the photosensitive member
is denoted by D, and when the adjusting toner image passes
through the transfer portion in a condition that the transfer
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bias is applied across the entire circumferential surface of the
region of the photosensitive member at a start reference time
set as timing of switching the bias to be applied to the transfer
portion from the transfer bias to the passing bias, the control
portion controls the exposure member of the second image
forming unit to perform exposure onto the photosensitive
member to form the adjusting toner image in the second
image forming unit at a timing of [/V later than the start
reference time and at a timing of (D-L.)/V earlier than the start
reference time.

5. The image forming apparatus according to claim 1,
wherein, in the second image forming unit, when a length
from a position exposed by the exposure member on the
surface of the photosensitive member to the transfer portion
in the rotational direction is denoted by L, a rotating speed of
the photosensitive member is denoted by V, and a length of an
entire circumferential surface of the photosensitive member
is denoted by D, and when a timing of switching the bias to be
applied to the transfer portion from the transfer bias to the
passing bias is set as an end reference time, the control portion
controls the exposure member of the second image forming
unit to perform exposure onto the photosensitive member to
form the toner image in the second image forming unit at a
timing of (D-L)/V or later than the end reference time.

6. The image forming apparatus according to claim 1,
wherein

the bias application member switches from the passing bias

to the transfer bias after one cycle of the photosensitive
member of the second image forming unit and the bias to
be applied to the transfer portion of the second image
forming unit is switched from the transfer bias to the
passing bias, and

the control portion controls the exposure member of the

second image forming unit to start exposure onto the
surface of the photosensitive member before one cycle
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ofthe photosensitive member ofthe second image form-
ing unit after the passing bias is switched to the transfer
bias.

7. The image forming apparatus according to claim 1,
wherein when a reverse polarity is greater than a polarity
identical to a toner charging polarity, the passing bias is set
higher than a potential of a non-exposed portion on the sur-
face of the photosensitive member, which is charged by the
charging member of the second image forming member but
not exposed, and lower than the transfer bias.

8. The image forming apparatus according to claim 7,
wherein the passing bias has the same polarity as the toner
charging polarity and the transfer bias has a reverse polarity of
the toner charging polarity.

9. The image forming apparatus according to claim 1,
wherein the second detection member is arranged, in the
second image forming unit, at a position opposed to the
photosensitive member downstream of the developing mem-
ber and upstream of the transfer portion in the rotation direc-
tion of the photosensitive member.

10. The image forming apparatus according to claim 1,
further comprising:

a contact member coming into contact with the intermedi-
ate transfer member in the transfer portion in which the
toner image formed on the intermediate transfer member
is transferred onto a recording material;

a contact/separation member for bringing the contact
member into contact with and separating the contact
member from the intermediate transfer member; and

a contact/separation control portion for controlling the
contact/separation member to separate the contact mem-
ber from the intermediate transfer member at a timing
where the adjusting toner image transferred onto the
intermediate transfer member reaches the transfer por-
tion.



